A significant effect of neuropeptide Y was found on eggshell strength (p＜0.05) in female birds, and a significant effect of prolactin and dopamine D2 receptor gene was found on the body weight at 50 day in male birds (p＜0.05).
Introduction
Silkie fowl (Ukokkei), which is a famous black-bone chicken breed with beautiful silky feathers, are one of the most popular and ubiquitous ornamental chicken breeds in Asia. Since about 700 years ago, the meat of this breed has been considered to have unique medicinal properties in Chinese traditional medicine . In China and Japan, the meat, bones, organs, and eggs are effectively used for nutritional fortification and infertility treatments. Silkie fowl eggs are considered to be a chemical storehouse and an excellent source of sialic acid, which is an important component for the protection of life (Koketsu et al., 2003) . Owing to their medical properties and beautiful appearance, several researchers have attempted to improve the production traits of Silkie fowl (He, 2003) .
The Silkie fowl is noteworthy as a source of phenotypic variations that are not commonly seen in other domestic breeds of chicken, and these variations represent a few of the vast arrays of morphological differences that are present across various domesticated poultry species (Dorshorst et al., 2010) . Moreover, the Silkie chicken commonly exhibits broodiness. Extensive studies on the mechanisms of chicken broodiness have been conducted in order to improve egg production.
It is thought that many of the variations in production traits such as body weight, egg production rate, and egg quality are directly or indirectly influenced by some candidate genes such as prolactin (PRL), the dopamine D2 receptor (DRD2), and Neuropeptide Y (NPY). Xu et al. (2010) have reported that mutations in the chicken DRD2 gene influence the broodiness characteristic and that the DRD2 gene might have endured strong selection during breeding against the broodiness characteristic. The NPY gene has been demonstrated to play an important role in the central control of voluntary feed intake, which may contribute to differences in performance such as body weight gain and egg production in a variety of species.
Sequencing of the PRL gene has revealed a 24-bp insertion in the 5′ -flanking region, -377 to 354, of the PRL gene in chicken (GenBank accession no. AB011438). Jiang et al. (2005) have examined polymorphisms of the 5′ -flanking region (2,638 bp) of the chicken PRL gene in several populations of Chinese native Yuehuang, Taihe Silkie, and imported White Leghorn chickens. They have identified a 24-bp In/Del locus. Three genotypes (In/In, In/Del, and Del/ Del) have been found in Yuehuang chickens, whereas only two genotypes have been detected in Taihe Silkie (In/Del and Del/Del) and White Leghorn chickens (In/In and In/Del). No In/In Taihe Silkie individuals have been found. The genotype frequencies were significantly different among the three breeds. They have investigated the potential associations of the 24-bp In/Del locus with PRL, plasma prolactin, and brooding behaviors and have observed that chickens with the In/Del heterozygous genotype, which have the highest incidence of broodiness, had the highest PRL mRNA levels; this finding suggests that this polymorphic site is related to the broodiness characteristic in chickens through modulations in the transcriptional levels of the PRL gene. Cui et al. (2006) have produced an F2 population from Nongdahe×Taihe Silkies in order to investigate the relationship between the PRL In/Del locus and egg production. A significant association has been found between the In/Del locus and egg production (p＜0.05), and the H3 haplotype has been identified as the most advantageous trait for egg production. Wada et al. (2008) have genotyped the 24-bp In/Del locus in the PRL gene in the fourth generation of a Silkie fowl selection program in order to study the associations of performance traits. In their study, 282 Del/Del Silkies, 29 In/Del Silkies, and 0 In/In Silkie fowl were found. No significant relationships between the In/Del genotypes or performance traits were identified. Rowshan et al. (2012) have genotyped the markers of candidate genes (PRL, VIPR1, and NPY) in the fifth generation of a Silkie fowl selection program in Oita, Japan, in order to investigate the efficiency of marker-assisted selection. The effect of the father was significant for all traits, including the egg production rate, but the genotypic effects of the three candidate gene markers were not significant for any of the traits.
In this study, In/In individuals were constructed from an In/Del×In/Del population in order to examine the unique characteristics of Silkies, such as silky feather, hyperpigmentation, etc. The relationships between the genotypes of the DNA markers on the candidate genes and production traits were also investigated.
Materials and Methods

Resource Population
Parental female birds were selected on the basis of their excellent egg-laying rates, and they were crossed with parental male birds that were selected on the basis of their excellence in vigorous forms and shapes. This breeding program was conducted up to the fourth generation (Rowshan et al., 2012) . Thus, 2 male and 21 female birds with the In/Del locus in the fourth generation of the Silkie fowl selection program were crossed in order to produce In/In individuals, and a total of 145 birds, 58 male and 87 female, were produced. For the whole period, commercial mixed feed was supplied ad libitum, and the birds were raised in three places and managed in different groups. From day 0-40, chicks were kept in the same house in an electric battery chick brooder. From day 41-80, chicks were kept inside the medium chicken cage. From day 81-120, they were kept in a large chicken cage, and, finally, from day 121-450, the mature birds were kept in a single cage (length, 226 mm; depth, 393 mm; and height, 455 mm).
Measurement of Phenotype
The body weights of every female bird were measured at 50, 150, and 300 days of age with a digital balance. Male birds were weighed at 50 and 150 days of age. The following egg characteristics were measured: egg production rate (%), average egg weight (g), and average eggshell strength (kg/cm 2 ). The eggshell intensity of the chicken was measured with the Egg shell strength meter 2 (Fujihira Industry Co. Ltd., Tokyo, Japan). The egg production rate was defined as the number of eggs divided by the number of eggproducing days from day 151-300. Genotyping DNA was extracted from the blood of the Silkie fowl with Pure Gene kit tools (Funakoshi Co. Ltd., Tokyo, Japan). PCR was performed in a total volume of 25 μL with extracted genome DNA (50 ng or more) that was prepared into a template, 0.125 μL of Ex Taq Hot Start Version (5 U/μL) (TaKaRa Bio, Shiga, Japan), 2.5 μL of Ex Taq buffer, 2 μL of dNTP Mixture (2.5 mM), 1 μL of template DNA, 1 μL of each primer pair (10 μM), and 17.375 μL of purified water that was mixed in a 0.5-mL tube. The primers that were used for PCR are shown in Table 1 . All fragments that were amplified by primer pairs were electrophoresed on a 3% agarose gel, and the PCR products of NPY1 were digested with the KpnI restriction enzyme. TechGene (Techne, Staffordshire, UK) was used to conduct the PCR reaction. The reaction conditions for the PCR were the following: Initial denaturation of 5 min at 95℃; 40 cycles at 95℃ for 30 s; each annealing temperature shown in Table. 1 for 30 s; 60℃ for 30 s; 72℃ for 1 min; with a final elongation of 10 min at 72℃ and the cycle ended at 4℃.
Statistical Analysis
Genotype judging was performed with the electrophoresis results. The group would have reached Hardy-Weinberg equilibrium with the observed value and the expected value of the genotype. The R statistical language (R version 2.13.2) was used for the assessment of the Chi-square estimates. The significantly differences between genotypes were checked using T-test. For the relevance of a genotype and the production traits, analysis of variance (ANOVA) was performed in order to examine the main effects of the henhouse and the genotype of PRL, NPY, or DRD2. The interaction effect was removed in the ANOVA model because interaction effect is not detected at the preliminary analysis.
Results
The genotype was identified with the electrophoresis results. Three genotypes were each identified for the PRL, Rahman et al.: Candidate Genes of Silkie Fowl NPY, and DRD2 genes. For the In/Del locus of the PRL and DRD2 genes, the lengths of the genotypes were considered as In/In-154 bp, In/Del-154/130 bp, Del/Del-130 bp, and In/In-187 bp, In/Del-187/165 bp and Del/Del-165 bp, respectively. For the C/T locus of the NPY gene, 3 genotypes were identified (Table 1) . In this study, 13 Del/Del, 26 In/Del, and 17 In/In male individuals and 27 Del/Del, 39 In/Del, and 21 In/In female individuals were found in the PRL In/Del locus. All PRL In/In individuals had all Silkie fowl characteristics. The chi-square test estimates between the observed value and the expected value of a genotype from the Hardy-Weinberg Law showed a significant difference (p ＜0.05) in the DRD2 gene in female birds (Table 2) .
With regard to the genotypes of the NPY gene, CC female individuals showed significantly (p＜0.05) better results than CT individuals for body weight at day 50, whereas CT individuals showed significantly (p＜0.05) better results than TT individuals for average egg weight. TT female individuals showed significantly (p＜0.05) better results than CC individuals for average eggshell strength. With regard to the DRD2 gene, In/In female birds showed better results than Del/Del female birds for body weight at day 300 (Table 3) . Among the male birds, In/In and In/Del individuals of the PRL gene, In/Del individuals of the DRD2 gene, and CT and TT individuals of the NPY gene had a better performance for body weight at day 50 than did Del/Del and CC individuals (Table 4) .
ANOVA was performed to examine the relationships between the production traits and the genotypes of the candidate genes (Table 5) . NPY had a significant effect on eggshell strength (p＜0.05) in female birds. Significant effects of the PRL and DRD2 gene were found on body weight at day 50 in male birds (p＜0.05). The henhouse had a significant effect (p＜0.05) on the body weight in female birds. No significant effects of body weight or the egg production rate of female birds was found for the three markers. Wada et al. (2008) have genotyped the 24-bp In/Del locus in the region of the PRL gene in the fourth generation of the Silkie fowl selection program in order to study the association of production traits. They found 282 Del/Del Silkies and 29 In/Del Silkies, but no In/In Silkie fowl. In this study, we tried to produce In/In individuals of the PRL In/Del locus in Silkie fowls. All In/In individuals had all Silkie fowl characteristics. No relationship was demonstrated between Silkie fowl characteristics and the PRL In/Del locus.
Discussion
Physiologically, it has been well established that PRL is the main candidate gene for broodiness owing to its critical roles in the onset of broodiness (Sharp et al., 1988; March et al., 1994; Youngren et al., 1998) . Increased plasma PRL concentrations have been associated with the occurrence of broodiness in female turkeys (Burke and Dennison, 1980) . During incubation, PRL mRNA reaches its highest level (Talbot et al., 1991; Karatzas et al., 1997) , which infers that prolactin is important in the maintenance of broodiness. Broodiness characteristics are commonly observed in Silkie chickens. Owing to the medicinal properties and beautiful appearance of Silkie fowl, several researchers have attempted to improve the egg production levels of Silkie fowls (He, 2003) . Previous studies have suggested that a 24-bp In/Del locus in the 5′ -flanking region of the chicken PRL gene is a genetic marker in breeding against broodiness (Jiang et al., 2005; Cui et al., 2006) . Li et al. (2009) examined the polymorphisms of NPY genes by developing PCR-restriction fragment length polymorphism methods in Wenchang chickens, and they found a significant association, as well as an additive effect, between NPY polymorphisms and the total number of eggs at day 300 (p＜0.05). Kahtane et al. (2003) have reported that, in chickens, the broodiness trait was related to the activity of the dopaminergic system. In avian breeds, dopamine has been demonstrated to be involved in both stimulating and inhibiting prolactin secretion in the brain (Youngren et al., 1995) . In addition, the inhibitory effects of dopamine on prolactin secretion have been shown to be mediated through the DRD2 at the pituitary level (Youngren et al., 1998; Kahtane et al., 2003) . Hens that were treated with dopamine receptor antagonists or receptor blocking agents exhibited a termination in the maintenance of broodiness due to the inhibition of prolactin secretion (Hall et al., 1984) . In addition, Sartsoongnoen et al. (2008) have found an association between dopamine neurons and the regulation of the reproductive system in Thai chickens. Xu et al. (2010) studied 644 female Ningdu Sanhuang chickens and identified 2 variations, A-16105G and T＋619C, in the chicken DRD2 gene. They reported the association between the variations and the broodiness trait. The results of all these studies have suggested that the DRD2 is involved in the regulation of avian reproductive behavior.
In Oita Silkie fowls, Wada et al. (2008) did not identify any relationship between In/Del genotypes in the PRL gene and production traits. In this study, we examined the relationships between production traits and the genotypes of DNA markers of candidate genes such as PRL, DRD2, and NPY in the In/Del×In/Del population of Silkie fowl. No significant associations were found among the genotypes of the 3 candidate genes and the egg production rate. The differences between the previous Chinese results and the results of our study may be caused the genetic divergence of Chinese and Japanese Silkie population. Rowshan et al. (2012) suggested that the genetic variations of Silkie fowls in the Oita selection program are high and that the egg production rate in the Silkie fowl population could be improved. We can therefore study other candidate genes in order to improve the egg production rate in Oita Silkie fowl.
Prolactin has a wide variety of functions, including the growth, behavior, and ovarian activities, in chickens. Bhattacharya et al. (2011) have reported that the PRL promoter was highly polymorphic and had significant associations with growth traits in White Leghorn chickens. Several scientists have reported that dopamine, which is an abundant neurotransmitter in the central nervous system and periphery, has important roles in cognition, emotion, endocrine function, and hyperprolactinemia in mammals (Missale et al., 1998; Hansen et al., 2005) . Its physiological effects are exerted through the activation of dopamine receptors. These studies have suggested possible roles of the PRL, NPY, and DRD2 genes on the body weight of avian species. In the present study, we found significant effects of the PRL, NPY, and DRD2 genes on male body weight at day 50. Our results therefore suggested that these genes may be considered as candidate genes for improving the growth traits of Oita Silkie fowl and other Japanese traditional breeds.
In this study, NPY showed a significant effect on eggshell strength (p＜0.05). NPY is an abundant and widespread neuropeptide in the nervous system of avian species (Kuenzel and McMurtry, 1988 ), but we did not find any reports on the relationship between eggshell strength and the NPY gene. Tuiskula-Haavisto et al. (2010) have reported that quantitative trait loci (QTLs) that affect the deformation and breaking force of eggs are found on chromosome 2. However, the position of the QTLs was distinct from the position of the NPY gene on chromosome 2. Thus, in the future, we can study the relationship between eggshell strength and the genes on chromosome 2 for the genetic improvement of commercial layer. Rowshan et al. (2012) reported no significant relationship between production traits and the DNA marker of PRL and NPY in female birds of the Oita's 5 th generation, but some relationships were detected in this study. These differences suggests the detection efficiency of the relationship in our In/Del×In/Del population is more than the 5 th generation. In the female results of this study, a significant difference was detected at NPY gene on body weight at 50 day and average egg weight, but NPY didn' t showed a significant effect on these traits in the results of ANOVA. The disagreement suggests that QTL analysis is required for the determination of candidate gene for these traits in our In/Del ×In/Del population. Journal of Poultry Science, 51 (2) 
